Abstract: Renovation processes are complex and there is a risk of underestimating architectural, cultural, and social values in favor of exterior and interior upgrading, energy efficiency and financing. A synthesized, systematic process is needed for making decisions about renovation measures. The aim of this paper is to survey decision-making procedures aimed for sustainable renovation. We inventory existing tools and methodologies based on (a) a literature review and (b) results from a workshop with participants from the Swedish buildings sector, academia, and other stakeholders. Our results show that there are many tools available but few seem to have reached acceptance in renovation. None of the more established methods and tools addresses a complexity that balances material and immaterial values and they are often too specific. There is a need for simplified tools, especially for evaluating more intangible, experienced values. Instead of one comprehensive tool preferably a methodology for renovation should be developed with references to different tools. In the building sector, renovation should be considered a service-minded process rather than a merely technical one as often is the case in new construction. There is a need to clarify the process and the meaning of the terms, and that need is even more urgent when it comes to the values that are more difficult to define.
Introduction

Background
The built environment is often the focus of discussion in the efforts to fight climate change. Activities related to the built environment constitute 40% of the total societal energy use and a major part of the EU's greenhouse gas and carbon dioxide emissions [1] . Considering that the building stock in Europe is being renewed at a rate of only 1%-1.5% per year, there is a large potential to carry out energy saving measures in the existing building stock [1, 2] . These facts have pushed Europe to take actions to reduce energy use and carbon dioxide emissions in the building sector and the built environment. In 2002, the European Energy Performance of Buildings Directive (EPBD) adopted a set of minimum efficiency standards for both new and existing residential and commercial buildings [3] . In 2009 a recast and strengthened directive [4] stated that all new and renovated buildings must comply with tough energy-performance standards and supply a significant share of their energy requirements from renewable sources after 2020. The European directive states that "major renovations must increase energy-savings if doing so is technically, functionally and economically feasible" [3] . The Swedish governmental policy concerning energy efficiency in the built environment is aiming at a 20% reduction in energy use by 2020 and a 50% reduction by 2050 compared to 1995 levels [5] . Further, by 2020 a reduction of 40% of greenhouse gases should be reached, and at least 50% of the total energy use should be based on renewable energy sources [6] . Thus, upcoming strengthened EU directives and national regulations will put pressure on property managers and owners to take action.
Due to the age distribution of the building stock and related refurbishment needs, construction activities are increasing in the field of maintenance, renovation, and transformation. In Sweden, about 56% of all investments in housing are related to building activities in renovation [7] . Yet it is new construction that is highly normative in determining routines and procedures in construction as well as in the training and postgraduate training of architects and engineers [8] , and if they want to survive as independent professions, they have to adopt new skills, relevant contextual knowledge, and new, consistent value systems [9] . Despite the growing attention to the existing building stock, most of the regulations and instruments still aim at achieving sustainable new construction [10] , and there is a lack of standardized routines, policies, and regulations that focus on the renovation process [11] .
Renovation may often be preferable to demolition and new construction as means of reducing total energy use. Studies have shown that the actual life of buildings exceeds the estimated service life [12, 13] , and in terms of resource use and environmental impact including both production and operation, there is a preference for renovation over demolition [14, 15] . However, narrower studies that focus on, for example, climate impact can result in strategies that favor new construction [16] . The built environment is an important part of Europe's cultural heritage, a national and regional identifier, and a hub for socio-economic development [17] . It is estimated that 37% of global tourism has a cultural motivation [18] .
Renovation processes are complex and more uncertain in terms of decision-making, planning, and execution than the process of new construction [2, [19] [20] [21] . The qualities and the deficiencies of the existing building need to be known. A lack of knowledge risks the loss of inestimable values when, for example, elements of high material, technical, or artistic value are replaced by industrial, low quality products with a shorter life-span. There is also a risk that architectural, cultural and social values might be neglected in favor of energy and economic performance metrics. Further, these immaterial values of the built environment are often perceived as fuzzy and difficult to handle. More knowledge and supporting tools are needed in order to make systematic, synthesized decisions in renovation projects that will enable us to balance various desires, needs, and values with respect to a number of important aspects such as energy, environmental, technical, and economic performance as well as social, cultural, and architectural aspects.
According to Swedish law, managers of rental properties must receive at least 50% of the tenants' consent prior to actions that will raise the apartment standard and consequently lead to increased rent [22] . An updated Swedish law that regulates the activity of public housing companies [23] states that these companies shall operate according to commercial principles and "normal" requirements for the return on investment of capital [24] . This legislation implies that social issues might be more difficult to include in renovation by public municipal housing companies, which indicates a need to reconsider which complementing regulations and measures are needed in order to deal with different problems in the housing market [25] . Prior to this updated law, large renovation projects initiated by public municipal housing companies in Sweden often included actions to tackle social issues.
Aim and Scope
The aim of this work is to understand the current decision-making processes for renovation in order to come up with suggestions on how it can be improved to better handle significant sustainability aspects. Key questions are: What actors are involved and at what stages of the process? What tools exist to potentially support a more multi-faceted approach taking into consideration a higher number of sustainability aspects? We have identified a lack of sources that describe the decision-making process of renovation. In order to get a picture of current processes, a survey of decision-making procedures and existing decision support tools used by stakeholders in relation to renovation of existing buildings was done. The results of this survey are a necessary starting point to identify needs for further development of such tools and methodologies.
Additionally, we reflect on new ways of conducting research, development, and innovation using a transdisciplinary arena in which a broad range of stakeholders from building industry, society, and academia collaborate on the definition of problems, challenges, and opportunities and on data collection and knowledge generation.
Renovation is addressed from a broad perspective, including both residential and commercial buildings owned and managed by private or municipality owned companies. The emphasis is on the preliminary investigation phase, i.e., the phase in which the main direction and goals for renovation are defined and decided. Furthermore, we focus on decisions about major renovations.
Approach
A survey of existing tools and methodologies was carried out and based on (a) a limited literature review and searches on the Internet and (b) results from a workshop with stakeholders from the Swedish building industry, academia, and other societal organizations. In the literature review, a mapping of existing tools and methodologies that could be used to make decisions in the process of renovation based on environmental building assessment was made. Among these, a number of internationally well-established tools and methodologies together with a number of Swedish approaches have been discussed. Some of these methods were then further investigated with respect to sustainable building aspects such as environmental, technical, architectural, cultural, social, and economic.
The workshop with property owners (private and public municipal housing), architects, consultants, contractors, representatives of the Swedish Union of Tenants, the Gothenburg City Planning Office, the Gothenburg City Museum, the Regional Heritage Administration of Western Sweden (Västarvet), and the Västra Götaland regional administration was organized in order to get a picture of the current decision-making procedures used by property owners and other stakeholders involved in the renovation process. The empirical material derived from the workshop was analyzed in order to reach an understanding of the decision-making process used today by various organizations.
Terminology and Concepts
What do We Mean by Renovation and Sustainable Renovation?
There is no general definition to describe building changes, but a large variety of partly overlapping terms are in use. Among the common terms are alteration, adaptation, renovation, rehabilitation, refurbishment, retrofitting, restoration, reconstruction, retro-commissioning, modernization, transformation, tune-up, see for example [21, [26] [27] [28] [29] . The use of a diverse terminology is due to the varied type and scale of buildings, the large range of actions, and the variety of reasons and motivations for making an intervention, e.g., preservation, technical, functional or social obsolescence [30, 31] . Changes to buildings can range from minor repairs or re-fit with a minimum of interventions to major renovations with larger changes of the original building. At one end of the scale we find preservation or conservation which only arrest decay, usually in attempts to preserve the original building [27, 32] , and at the other end we find clearance and reconstruction or replacement of an entire building [33, 34] . While some terms are rather unanimously used, for example preservation, conservation, modernization or rehabilitation, other terms have a larger span of interpretation. Some authors use the term renovation to indicate a minimum of interventions [30] while others find the term to indicate more consistent upgrading [34] . Some authors use the term retrofit to emphasize the act of improving a building to a higher standard [28, 35] , for example in respect to objectives for sustainable building [19] .
The new Swedish Planning and Building Act published in 2011 [36] uses the more general term alteration to indicate changes of a building's structure, function, use, appearance or cultural historical value [37] . Alteration includes both new additions to a building and changes where a significant or a more limited part of an existing building is significantly altered. Alteration is not defined by the size of the interventions but by the consequences of the same. There is no sharp limit between alterations or maintenance where the latter can for example have consequences for the exterior characteristics of the building (e.g., changed roof material). Regarding the regulation, the altered part of the building is subject to the same technical and energy efficiency requirements as a new building. However, non-compliance with the regulation is negotiable regarding the extent of the changes, specific pre-requisites and in relation to requirements in the Planning and Building Act for cautious alteration (in Swedish varsamhetskravet) and prohibition to distortion (in Swedish förvanskningsförbudet). Considering the lack of universally agreed definitions, we are using the commonly used term renovation, which we define to include middle range to major interventions.
Our focus is sustainable renovation, which refers to ambitions to fulfill the dimensions of environmental, social and economic sustainability in changes to buildings. In the sustainability debate, improvement is often related to energy savings and environmental issues. When dealing with existing housing, the social dimension representing the residents and their connection to the site becomes more important. Energy conservation actions are often influenced by municipal policy and economic return (reduced operation and maintenance costs) [38, 39] . However, major renovation of the building envelope to reach energy efficiency is more scares as this is associated with high cost and low return of investment due to a number of factors including the market value of the property, the slow increase of energy prices, and difficulties to transfer the costs upon rent [11] . Energy improvements per se are seldom the main motivation for initiating a major renovation but one of several coinciding needs. In fact, our observations are that even today many renovations are carried out without specific attention to achieve energy efficiency. Earlier studies have shown that one main driver behind European renovation activities is the goal of increasing comfort levels (mostly maintenance, repair and modernization aimed at extending component service life, increasing comfort or replacing components) [10] . Social deterioration has also been a strong motivation for larger interventions in existing housing [40] . In later years, energy efficiency and other environmental considerations have been combined with social improvements in existing housing areas as an attempt to address sustainable renovation in a more comprehensive way [26] . Due to the complexity of sustainable renovation in which multifaceted values and objectives should be dealt with, there are in fact few examples where optimal results have been reached regarding all dimensions of sustainability. Some studies point to non-achieved objectives in the social dimensions regarding for example equity, integration and democracy [26, 41] .
There is also a need for quality assurance in the renovation process to assure that the initial requirements are fulfilled throughout the renovation process as well as in the operation phase [42, 43] .
Renovation Process and Preliminary Investigation
In general, a renovation process has more or less the same phases as the process of new construction (pre-design/preliminary investigation or programming, design, construction, commissioning, and occupancy or use). However, in renovation more emphasis should be laid on the preliminary investigation phase in terms of time and resources to achieve good results [19] . In this context it should be added that renovation processes often start with poor documentation of building conditions. The focus of this paper is on the preliminary investigation phase as this is the phase in which the main direction and goals for a renovation are defined and the most significant decisions are taken ( Figure 1 ). What then do we mean by preliminary investigation in renovation? When a property owner or construction client has identified a need for a major renovation, usually a preliminary investigation is carried out in order to survey and investigate special issues and to establish a relevant documentation. The preliminary investigation is an important part of renovation and alteration projects.
In Sweden, the local planning and building committee can require a preliminary investigation if this is not submitted by the property owner. Figure 1 . Schematic overview of a renovation process. Adapted from [44] .
Thorough preliminary investigation is a broad term that includes the collection of various types of information, an inventory of the status of the building, and the establishment of a documentation of the building prior to an alteration. According to Nordling and Reppen [44] , undertaking a preliminary investigation is prescribed by Swedish law. Nordling and Reppen [44] also argue that a preliminary investigation should include surveys of the building and its environment (the local context, general impressions, technical status, maintenance status), documentation of user requirements, documentation of property data, contracts that concern the building, history (building year, previous renovations/alterations, users, previous color schemes), and drawings and pictures (construction drawings, historical drawings, sketches, photographs). Also, a preliminary investigation should be objective and not include subjective evaluations.
According to BPIE [2] , the building owner's decision-making process for undertaking renovation differs a lot depending on the reason that gave rise to starting the process. In many cases it is a question of immediate maintenance for which the decisions are taken based on the appraisal of options under time constraints whereas in cases of non-urgent maintenance cost benefit analyses are performed based on a certain payback horizon also valuing ancillary benefits. If the reason for renovation is to improve the buildings or apartments, in terms of stand-alone measures, the decision factors are basic information, trustworthy advice and a willingness to act, but consequential improvements on the other hand are decided based on competing investments whereas for whole building renovation, the decision factors are professional expertise, quality contractors and finance.
Literature Review of Existing Tools and Methodologies
Framework for Description
The literature review aims at looking into which existing tools potentially could be used for a more multifaceted approach in the decision-making process of renovation. It is divided into two parts, a literature review regarding previous articles that study and compare building assessment tools, and a comparison of the tools according to a framework proposed by Thuvander, Femenías and Meiling [45] . This framework describes a number of values with a division into architectural, social, cultural historical, technical, environmental, and economic values together with process quality. We have reviewed and discussed the literature based on this framework and in light of how the different values are addressed. Our focus is on tools and methods for renovation. However, since only a few methods have been developed for renovation, we have also studied tools and methods that were developed for new construction but have the potential to be adapted to renovation. Our point of departure is building environmental assessment methods.
What Tools and Methods Are There to Support Decision-Making for Sustainable Renovation?
In the literature, there is a wide range of international and national tools and methods for assessing or classifying buildings from an environmental or sustainability perspective. Some are being used globally; others concentrate on local, regional or national specifics. The most established and widespread assessment methods are, among others, BREEAM (the Building Research Establishment Environmental Assessment Method, the first commercially available environmental assessment tool for buildings, introduced in 1990 in the UK), the American LEED (Leadership in Energy and Environmental Design), CASBEE (the Comprehensive Assessment System for Built Environment Efficiency, widely used in Japan), DGNB (the German certification for sustainable buildings, Deutsche Gesellschaft für Nachhaltiges Bauen), EPIQR (Energy Performance Indoor Environment Quality Retrofit), or the Green Building Tool. On the EU level, there are two ongoing projects in the seventh framework program, SuPer-Buildings [46] and OPEN HOUSE [47] . In Sweden, we can find the more internationally known methods and tools such as EcoEffect, the Swedish environmental rating tool, (in Swedish Miljöbyggnad) [48] and the Nordic eco-label Svanen [49] .
The building environmental assessment field has been reviewed since the early 1990s [50] , and since then these kinds of tools have been compared in a number of studies [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] Todd, Crawley et al. [51] describe specific elements of selected assessment systems, such as building type, criteria, and scoring/weighting/reporting results. Forsberg and von Malmborg [52] make an overview of the status of quantitative environmental building assessment methods developed in Northern Europe, the ambitions for the object analyzed, and methodological aspects. Cole [54] discusses assessment methods and tools that include performance issues and structural features that differentiate them from earlier methods. Haapio and Viitaniemi [56] analyze and categorize sixteen internationally well-known environmental assessment tools for buildings and Ding [55] summarizes and describes the characteristics of twenty assessment methods. SuPerBuildings [57] reviews existing building evaluation tools based on three pillars of sustainability-environmental, economic, and social issues-and analyzes them for the availability of indicators and their degree of common understanding. Essig, Fischer et al. [58] review the current status of the development of international standards (e.g., TC59/SC 17 [62] , CEN/TC 350 [63] ), global initiatives (e.g., SB Alliance, iiSBE), and international methodologies (e.g., LEED, DGNB), targeting the assessment of sustainable buildings at national, European, and international levels. Malmqvist, Glaumann et al. [59] compare special characteristics of the Swedish environmental rating tool, which has been developed for existing buildings, with other well-known environmental assessment/rating tools. Blaviesciunaite and Cole [61] compare LEED and CASBEE regarding embedded cultural values .
In the OPEN HOUSE project, a large list of sustainability indicators emerged [58] , which then provided the basis for selecting the indicators and developing the structure of the OPEN HOUSE methodology [64] . Sidwell, Clark et al. [53] review retrofit methods (EPIQR, MEDIC, TOBUS, etc.) and identify the most common criteria for building retrofit tools. The reviewed tools are seldom related to construction management or procurement methods, which are paramount for project delivery due to the uncertainty in renovation projects [53] .
Other European methods of interest with special focus on renovation and not included in the above-mentioned studies are, for example, the Swiss Retrofit advisor, the more theoretical framework ADE, or the Swedish "Million Homes" knowledge base. Retrofit advisor [65] is an Excel-based tool supporting the building owner in the decision-making process for comparing different possible retrofitting measures. The tool makes predictions about different retrofit scenarios (light, extensive, and full). ADE-Renewal, or Architecturally Diverse, Energetic Renewal, is a theoretical method for renewal/preservation that combines landmark preservation principles with enhancement of energy efficiency and energy performance [66] . ADE-Renewal has been developed for modernist buildings as a model solution. The Million Homes tool (in Swedish Miljonhemmet), developed by the Swedish construction firm Skanska, is a knowledge base for renovation of buildings constructed in [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] . It contains documentation from work practices, checklists, analyses, calculations, evaluations, and research. The Million Homes knowledge base covers economic, environmental, and social factors. It also works actively to create a dialogue among the stakeholders involved in the rebuilding process, such as owners, contractors, residents, and local politicians [67] .
Analysis of the Results
So, how are the above-mentioned tools and methods relevant for our purpose? Which of the values of most interest to us are addressed, i.e., architectural, social, cultural historical, technical, environmental, and economic values? In this section tools and methods are compared according to our framework and with the purpose of testing their usability in renovation processes in Sweden.
All the assessment methods were developed to serve the specific requirements of the context in which they are used. They are designed for different types of buildings, emphasize different phases of the life cycle, and the structure of the information sources is not neutral and can profoundly influence the outcome [50, 56, 59, 68] and cultural differences influence the priorities of building environmental assessment methods [61] . The context may refer to culture, legislation, and traditions, as well as geographic and climatic conditions [59] . However, by comparing the sustainability indicators and assessment methods in each of the different evaluation tools, we can draw conclusions both about those indicators that are not covered by the tools and thus may need elaboration, and about those indicators that are covered by most tools but that may need some harmonization [57] . Also, to carry out a successful renovation project, all risks need to be identified [53] .
Most of the national methods address new construction, some of them address existing buildings and some address renovation, as for example, BREEAM (Domestic Refurbishment), LEED (major renovation), BNB/DGNB (large-scale renovation of office buildings), Valideo (office buildings renovation), CASBEE (renovation, renovation-brief version), Klimataktiv Gebäudestandard (residential buildings, houses/passive houses-refurbishment), Green Star, Nabers, Million Homes (a knowledge base for renovation),EPIQR (renovation multi-family buildings) [69] , TOBUS (office buildings) [70] . Related to the development of EPIQR are INVESTIMMO, a tool to help make appropriate decisions regarding maintenance and energy efficiency for existing buildings, and XENIOS, a tool for diagnosing conditions and choosing renovation strategies for hotels [71] .
SuPer Buildings [57] presents tables with a comprehensive and detailed review of a number of national existing building evaluation methods. Based on these tables and our own searches, Table 1 has been developed to display the most comprehensive methods, i.e., the methods that address several values (as described in [45] ) and address renovation or can be adapted to renovation. All methods address technical issues and are therefore not explicitly described in Table 1 . Table 1 show that many of the values of interest to us are handled in existing methods, but there are also gaps. Architectural values (mostly treated as esthetics) are only covered in some of the methods, and cultural historical values are more or less absent. Looking into more detail, environmental and technical values are covered quite well and described by a larger set of indicators, whereas economic and social issues are not well developed-they are often addressed by only a few indicators. Retrofit covers all values, however, the architectural and cultural values are handled in a very general and aggregated way.
Discussion and Conclusions from the Literature Review
The field of building assessment in the context of sustainability has been developing successively in recent decades. Assessment methods have extended in scale and scope in terms of objects (from products to buildings and neighborhoods), phases (new construction, existing buildings, renovation, etc.), types of buildings (residential buildings, office buildings, etc.), issues (environmental, economic, social), purpose of tools and methods (awarding a medal, label or certificate, or supporting decision making), or object of concern (building as such, stakeholder).
In the literature, the building environmental assessment tools and methods are also discussed in terms of generations, i.e., first generation, second generation, or next generation [50, 54, 73, 74] . The second generation makes use of the first's experiences and may struggle with areas of building performance assessment that were previously either ignored or poorly defined [50, 54, 73] . These previously neglected areas may include the ability to offer different levels of assessment output; the ability to acknowledge regionally specific environmental criteria; the use of different measurement scales for different criteria sets; the weighting of criteria; the ability to be used as design tools; the ability to link with other performance issues; etc. [73] .
The first and second generation of assessment methods as described above focus mainly on the environmental part of building assessment, the technical issues, and mostly overlook management and process issues [75] . Recently, we can see a transformation from environmental buildings assessment to sustainability assessment, toward including economic, social aspects as well as process issues, and increasing the system level to include aspects on a neighborhood level. As recently as 2008, Haapio and Viitaniemi [56] believed that this transformation seemed to be far off. Lützkendorf, Hajek et al. [74] judge the development more positively in 2011, and argue that assessment systems for buildings are currently in a phase of transition. From their perspective, the first generation of assessment and certification systems followed a bottom-up approach and concentrated on topics such as energy efficiency and environmental and health issues that would support the planning design, construction, and marketing of green buildings. Now, the development is moving towards a new generation of assessment systems that follow a top-down approach and encompass the three dimensions of sustainability: the environmental, the economic, and the social [74] . All methods described in Table 1 address the three dimensions in one way or another, even if the economic and social aspects still are in the beginning with few indicators. Also, there is a need for the development of new, reliable, and functionally sustainable building concepts and services for building refurbishment [76] .
A number of tools are available today to support the building owner in making decisions, but most of them focus on specific aspects such as environmental, economic, or social issues. Few are adapted to handle architectural or cultural historical issues, and none of the more established methods such as BREEAM, LEED, DGNB, etc. addresses a complexity that balances technical, environmental, economic, architectural, cultural, and social values. The Retrofit Advisor, ADE, and OPEN HOUSE cover most aspects. OPEN HOUSE will be used to assess existing buildings, but it will probably be too comprehensive and hence costly to use to evaluate each renovation option. Retrofit Advisor is probably too aggregated, especially for the intangible values, and there is not much transparency of how the evaluation is made which makes it difficult to estimate the value of the results. ADE lacks the social aspects. These methods could, however, form an entirely relevant basis for the development of a simplified decision support framework that focuses on the evaluation of renovation options in the early phase.
There is a shift from environmental buildings assessment to sustainability assessment and a top-down approach is recommend for the further development of sustainability assessment systems [74] , which will enable an understanding of the system structure and provision of indicators of relevance to the stakeholders. This in turn requires a larger involvement in the development process by all stakeholders [54, 76] . Also, stakeholders can integrate either the assessment process itself (and related processes) or the assessment results into their decision-making, and for that a suitable adaptation and differentiation of assessment results and their presentation is necessary [74] .
What about guidelines and checklists versus assessment tools? Different stakeholders use tools for different purposes and need different levels of result aggregation. Simple self-assessment tools and comprehensive assessment tools are often used, however, with a slight preference for the simple self-assessment tools when academics and/or researchers are excluded. Short checklists and third-party certification are also used. Partial aggregation is seen as the optimal level of detail of representations of results [77] . Stakeholder-friendly ways of presenting assessment results are important [74] .
In summary, there is an ongoing transformation from environmental to sustainable building assessment methods and tools and a shift from a purely bottom-up approach to a combined top-down approach (subject of concern). The existing methods still need to be improved: economic and social values are addressed but only by a few indicators. The architectural and cultural historical perspectives are still missing in most of the existing methods and need to be further developed and integrated when carrying out a renovation. Finally, broader applications and increased stakeholder involvement are needed in order to achieve user-friendly designs and methods that are relevant for property owners to apply in the decision-making process.
With this in mind, a workshop was organized with a broad range of stakeholders in the buildings sector.
The Workshop
The workshop that we refer to is a part of a co-operation between two research projects, Renobuild and Rebo. Both these projects aim to develop tools (methodologies, checklists, guidelines) that support decision-making processes for sustainable renovation and to bridge the gaps between the socio-cultural, environmental, and economic aspects of renovation. The research projects are carried out in local, transdisciplinary arenas in which stakeholders from buildings sector, academia and others societal actors collaborate. A workshop is a typical arena activity.
Preparation and Execution
The workshop, entitled "Methods and Tools for Decision Making in Renovation," was carried out in May 2011. The aim of the workshop was to get a better understanding of the decision-making procedures in the different organizations, what kind of tools and methodologies that are used today, but it was also to identify the need of improvement of the existing tools or development of new tools covering all aspects of sustainable buildings. Questions of interest were: What investigations are carried out before decisions are taken? What methods or tools are used by the property owners, and what is offered by the consultants, builders, and other organizations?
All together twenty-five stakeholders participated, representing sixteen different companies and organizations ( Table 2 ). All the stakeholders are part of the above-mentioned transdisciplinary research projects. The workshop lasted about 5.5 hours, including lunch, and was led by the research team. Before the start of the workshop all participants were asked to prepare individual homework: to answer the questions presented in Tables 3 and 4 . The entire workshop was recorded. A summary of the workshop and the results was sent out to all participants for review. Table 4 . Homework questions for consultants and other stakeholders (Preliminary investigation).
 Are you usually involved in preliminary investigations?  What kind of investigations do you provide during a renovation project's preliminary investigation phase?  What tools/methods do you use to conduct preliminary investigations for renovation projects?
The workshop was divided into two parts. During the first part of the workshop the homework was presented and discussed, and during the second part the needs for improving the existing tools or developing new ones were discussed in groups. The emphasis was on the preliminary investigation phase, when the main direction and goals for a renovation are defined.
Two different templates for the homework presentations were prepared by the research team in order to capture the characteristics of each stakeholder group. One of the templates was directed to the property owners and the other was directed to the group of consultants and other stakeholders. The homework was sent out three weeks prior to the workshop. The property owners were asked to reflect upon the steps in a typical renovation process within their organizations in order to illuminate what kind of investigations they carry out in support of their decisions, how they evaluate various renovation options, and how they make decisions (Table 3 ). The consultants and other stakeholders were asked to reflect upon their role in the preliminary investigation or pre-design phase of projects (Table 4 ).
The second part of the workshop day was dedicated to group discussions about improvements or development of the decision-making process and tools used in renovation projects (Table 5) . The participants were divided randomly into three groups and given three questions to discuss. Each group presented a summary of the best ideas to all at the end of the workshop. The workshop was rounded off by a general reflection of each participant. Table 5 . Questions for the group discussion in the workshop.
 What can be improved in the decision-making process for renovation projects?
 Is there a lack of tools or methods?
 If yes, how should those tools or methods be designed?
Analysis and Results
After the workshop, we analyzed the data it generated: The presentations and discussions of the homework, notes of the discussions taken during the workshop by the researchers, and the audio recordings from the workshop. We compiled the data related to the first part of the workshop in a matrix containing all the questions from the homework (see Tables 3 and 4) , answers per company or organization specified in the homework presentation slides, and input from the homework discussions.
Property owners. A typical decision to start an investigation or preliminary investigation process is often taken on the CEO-level, by the management team, or by district personnel, depending on the extent of the renovation. The motives for renovations are normally based on the age of the building, technical or performance deficiencies such as mold or high energy use, or high costs. Tenants' needs and requirements and analysis of the surrounding environment can also have an influence on the decision to start a renovation process. However, more than anything else, the range of potential actions available to property owners in renovations is limited by current laws and regulations that govern, for example, accessibility, energy use, rent setting, and tenants' approval. Property owners' actions will also be influenced to a high degree by their manager/owner's directives and business plan, by local policy, the latter especially in the case of public municipal housing companies [39, 78] , and by urban development and land allocation agreements [79] .
One private developer declared the possibility of investing in actions that are not directly commercial if these are in line with the company's broader business plans. This kind of investment decision seems more difficult to take for public municipal housing companies that find themselves impeded by Sweden's New Act on Public Municipal Housing Companies.
In the preliminary investigation phase, usually a number of alternative solutions are discussed, and sometimes even alternative processes are discussed, such as whether to combine several measures in one renovation package. What economic changes are acceptable for tenants? Does a specific measure imply an added value for the tenants? Alternatives might range from minimum actions prompted by technical deficiencies, to profitable improvements that imply increased comfort for tenants and that reduce energy costs, to complete renovation involving upgrading of the building's envelope and heating and ventilation system. Alternative solutions are evaluated from an economic perspective, for their impact on revenue, from a life-cycle perspective, and for the value they add to the area, but they are also evaluated based on expert assessments of costs and technical performance.
Examples of the tools/methods used in the preliminary investigation phase include life-cycle cost (LCC) calculations, market analyses, cash-flow calculations, cost-of-capital discounting, more general discussions on the basis of comprehensive data, investigations by consults, and dialogue with the tenants, but interestingly also "gut feelings" based on professional experience.
Other stakeholders. Examples of investigations carried out for clients in the preliminary investigation phase include assessment and selection of technical systems based on LCC, energy and environmental studies, certifications, design, management control, technical inspections, preliminary investigations by antiquarians, cultural historical evaluations, foot-traffic analyses (in Swedish gåtur), and sociological studies using empirical inquiry or sociotop maps. The tools and methods used include energy calculation software, building information modeling (BIM), and energy simulation tools, as well as methods developed within a company for design (see Figure 2 for more examples).
The material from the second part of the workshop, the group discussions, has been compiled in thematic topics as a result of the discussions: design and construction process, economy, involvement of tenants, and architecture and conservation. More general questions, questions of special interest, and comments have been highlighted. 
In-house
Purchased
Available but seldom purchased
Regarding the design and construction process, the participants pointed out that all actors should be involved earlier in the process, which in turn (hopefully) can contribute to better economy and final results. More overall guidelines are desired, on both the municipal and regional levels, but also for the companies' management, so that these issues can be integrated from the beginning on and influence the whole organization. The workshop participants would also appreciate a better coordination of the large number of existing methods and tools for making decisions. At present it is not really clear how the tools are integrated into the process for quality control, for example. To achieve a better overview and long-term perspective, the participants preferred to adopt an object-based view or program, i.e., with the focus on buildings, rather than a project-based view.
Not surprisingly, the topic economy is the dominant one. Financing of maintenance and renovations is an important question and to some extent also a political issue. For public municipal housing companies it is not possible to establish a maintenance fund as it is for tenant-owned housing. During the discussion it was also pointed out that there are several different economic calculation tools. Still it seems to be difficult to carry out an accurate calculation with comparable input data. As economy dominates how decisions are made, the participants of the workshop emphasized that it is important to ensure that different kinds of values other than technical get a regular place in the decision-making process.
The involvement of tenants and, as a part of that, a well-established tenant dialogue is important for a successful renovation process because in accordance with the Rent Act 50% or more of the tenants must approve a standard-increasing and thus rent-increasing renovation before property managers can take action. Some other questions that were highlighted by the workshop participants are: How to determine what results the client (tenant) would like to see fulfilled before making a decision? Is it possible to act like a developer, defining a base price for a property and then adding a possibility to select a number of extra services/upgrades?
There is a need for a better integration of architecture and conservation and a need for more simplified methods to make an inventory of these values early in the process. Existing methods, such as the Swedish National Heritage Board's "cultural historical evaluation" are complex and more or less unknown to most of the workshop participants. However, the participants discussed the potential for a simplified tool to get familiar with this topic before engaging an expert for further details. As antiquarians seem to be underutilizeded resources, with a very small share of the consulting market, there should be opportunities to develop these ideas.
Workshop Discussion and Conclusion
On an overarching level, the workshop showed how stakeholders handle a renovation and the related decision-making process. The homework presentations generated an overview of what methods and tools are applied today in connection with a preliminary investigation by property managers, consultants, builders, and other organizations involved in the Renobuild and Rebo research projects.
Results from the workshop show that the motives for renovations often are based on technical or performance deficiencies, but tenants' needs and requirements are also important. Property managers are not very pro-active about renovation but rather reactive to urgent technical problems or user complaints. This confirms results from earlier studies about the major motivation for renovation being the goal of increasing comfort levels [10] . Property managers have maintenance plans but no renovation plans or long-term plans for their stock. They often appoint external consultants for technical investigations whereas they carry out their own profitability calculations. Whether external consultancy services for technical investigations or social studies are purchased (or considered) or not depends on the in-house competence. Often a large number of stakeholders are involved in preliminary investigations; however, stakeholders such as the Union of Tenants and the City Museum that have cultural historical expertise point out that they are not involved as much as they would like to be. Consultants and construction companies would like to be integrated into the process at earlier stages, which in turn could contribute to better economic and final results as potential problems can be avoided.
Regarding factors that will be of importance when evaluating renovation alternatives, finance will be significant. The financial values of the property (largely affected by location) and the possibilities to transfer costs upon rent will be decisive. Other influencing factors are owner and management directives, and business plans, and in the case of municipal housing company objectives and policy prioritized on the municipal level. But owner directives, at least for municipally owned housing companies, are not very explicit regarding maintenance and renovation activities. More overall guidelines are desired, on both the municipal and regional levels, but also for corporate management teams, so that the importance of different kinds of values and long-term management are integrated in the owner's directives and/or business plan which will influence all decisions.
Towards a Sustainable Renovation and Decision-Making Process
From the literature studies we can conclude that none of the available methods or tools for sustainable renovation addresses all the values of interest to our study, while being not too advanced to be neither practicable nor open enough to be adapted to specific cases. The methods listed can nevertheless form the basis for a simplified decision support tool for the evaluation of renovation options.
From the workshop we can conclude that the stakeholders use a wide range of methods. However, there is a need for a better integration of especially the architectural and cultural historical values, and a need to make an inventory of these values early in the process. There is also a need for more simplified methods in general. The integration of different stakeholders is perceived as either insufficient or initiated too late in the process.
One question that arises is: Whose values are described and who describes them? The workshop, which included a broad range of different stakeholders, illustrated that stakeholders have diverse ideas about what the important values are, i.e., it depends very much on what perspective and professional role an actor has and, of course, who is making the decision. It is not always obvious where in the decision-making process the integration of social, architectural or cultural historical values is taking place. Decision-making support towards sustainable renovation should invite a dialogue between stakeholders, but also facilitate communication between practitioners from varying expert areas and (decision-makers among) property owners, which is necessary in order to identify and balance all the values.
In the preliminary investigation phase, the different values need to be studied one by one, but often they must also be balanced one against another within certain economic frames. In order for all the different values to really be addressed in the preliminary investigation phase, they must be anchored in the organization's policy documents and a budget for them allocated. The different material and immaterial values also need to be integrated into processes for construction management, project delivery and not at least in risk management regarding, for example, potential loss of property value as a result of alterations of the original architecture.
Some property managers take care of the social investigation in a renovation process and the interaction with the tenants. Are property managers aware of the external consultant services that can provide expertise relevant to their contact with the current tenants and the local community? The results from the workshop indicate that there are unused resources available, both among professionals in the buildings sector (consultants and building contractors) and representatives of building authorities and tenants associations.
Looking forward, a robust methodology is needed to support discussion and subsequent decision-making. Such a methodology should enable the establishment of (a) an initial inventory and description of all values and (b) a basis for the evaluation of a number of measures based on defined goals for a renovation project. We suggest the use of a framework including a variety of flexible tools. An evaluation of different measures and their impact on the various values can be designed according to the renovation objectives of individual buildings. Such a checklist will highlight different renovation options and also support motivation and argumentation for a decision, a discussion of what measures to select and why.
Hájek, Lupícek, and Pavlu [77] suggest that the optimal level of detail of representations of assessment results, i.e., grade of complexity, is partial aggregation. This is in line with the results from the workshop.
Conclusions
The main aim of this paper is to initiate an inventory of the renovation process, its actors, methods and tools in use, and the need for decision-making support. In the continuation of the research, as support for comprehensive decision-making in renovation, respecting sustainability and multifaceted objectives, will be developed, the decision-making processes and knowledge integration in renovation will be further studied through case studies, observations and in-depth interviews of stakeholders. This paper surveys the evaluation tools currently available to help building owners make decisions. It identifies the need for the further development of tools and methods to support integrated decision-making in sustainable renovation.
There are many tools to support the transition to more sustainable building, and the use of these is increasing regarding new construction. However, few have gained acceptance in renovation, especially in renovation of existing housing. We see a need for a wider integration of knowledge areas in sustainable renovation to address a multitude of objectives and values and thus a need for support to handle these sometimes conflicting values and knowledge areas. Such support will probably on the one hand be a further developed renovation process to contain and handle these different knowledge fields. On the other hand there is a need for operational tools to support the integration of a larger spectrum of issues in the renovation process, not at least in the important early phases. Such tools should have a high degree of acceptance and should be applied by a large range of stakeholders involved. We see a need for more simplified tools, especially for evaluating architectural, cultural, and social values which are difficult for property managers to handle as they strive to manage various conflicts. One suggestion is to develop more rough tools for the early stages of a renovation process and for emerging aspects, which should be easy to modify and to develop further.
Regarding management and policy issues, we recommend that a wider spectrum of values and objectives should be addressed when developing policies, owner directives, business plans, etc. in order to increase the mandate of including such considerations in renovation.
There is a large potential in working with a transdisciplinary arena in order to address the complexity of sustainable renovation as a means to develop practice through raising discussions, point to emerging aspects that should be handled, bring in larger spectra of knowledge, and establish a common understanding, as a basis for decision making. The workshop as an arena activity is a good seedbed for discussions and for establishing a common understanding, which is fundamental in all transdisciplinary work, especially work aimed at generating actionable knowledge. Finally, asking participants of a workshop to prepare homework assignments in advance is a helpful and efficient way to support workshop discussions and to collect empirical research data. It also leads to well-prepared and engaged workshop participants.
